The use of inter-enterprise architecture (IEA) facilitates the generation of collaborative networks (CNs) since its tools guide enterprises step by step in the implementation of collaborative processes, in both strategic and tactical levels. At the strategic level, companies that make up CN begin the process of defining the collaboration domain, teams, people, objectives, processes, among others, to achieve common goals. At the tactical level, in a specific context of hierarchical production planning (HPP), companies could find advantage in using of decision-support systems (DSSs) that allow the management of unexpected events that affect production planning. This paper describes the main elements of the IEA proposed: framework, methodology and modelling language. To validate the correct definition of the different elements of our proposal and their relation with one another, we proposed a relationship meta-model.
Introduction
Inter-enterprise architecture (IEA) facilitates the integration of collaborative business processes of different enterprises in line with their information systems/information technology (ISs/IT), to support joint processes, reduce risks and redundancies, increase customer service and responsiveness, reduce technology costs and allow for alignment on multiple levels (Vargas et al., 2013a ). An IEA should be conformed for: framework, modelling language and methodology. Because this is a wide field of study, we want to focus on a specific context of HPP supported by DSSs, when unexpected events happen that threaten business continuity.
The objective pursued by this paper is based on the analysis done in the ongoing research, reported in previous papers. Vargas et al. (2011 Vargas et al. ( , 2013a Vargas et al. ( , 2013b Vargas et al. ( , 2014a Vargas et al. ( , 2014b propose solutions that guide collaborative networks (CNs) that use collaborative HPP and help them with the design of DSS tools for managing non-programmed decisions caused by the arrival of unexpected events. The paper is structured as follows: Section 2 describes briefly the related work in the fields of collaborative planning, DSSs and enterprise engineering/enterprise architecture (EI/EA). Section 3 presents our proposal of the use of IEA as an instrument that enables the design and creation of CN in both strategic and tactical levels. In the tactical level, the focus is through the use of IEA as a mean of creating DSS tools in a specific context of collaborative HPP under the arrival of unexpected events and how DSS can help to handle and manage this kind of situations. A relationship meta-model has been designed to validate the correct definition of the elements in our IEA. Finally, Section 4 presents the main conclusions and future steps in this research.
Related work
Companies should be able to achieve two separate objectives: manage the increasing technological complexity of their IS/IT value generation to the business processes, and must concurrently achieve, integrate and coordinate their processes with their chain partners in the search for efficiency and competitiveness to ensure survival in the global market. At the moment that companies implement inter-enterprise collaboration systems, strategic changes start to happen allowing the development of joint planning processes, incrementing efficiency, synchronisation and coordination of joint activities and the improvement of customer service. Achieving these goals in principle independently, it can be possible in conjunction with the use of the enterprise engineering (EE) and enterprise architecture (EA) (Cuenca et al., , 2011a , which provides concepts, models and tools that enable organisations to meet the challenges of the integration of strategic areas and business processes with IT areas, achieving greater value for the companies, improving their performance, communication and degree of integration, which ultimately give rise to the creation of competitive advantage through the effective support of IT to compliance strategies and objectives. Although the use of the EA is implemented and studied in depth in the individual firm, these concepts can be extended to the SC or CN. However, research in this area is very limited. This raises the concept of IEA (Vargas et al., 2013a (Vargas et al., , 2013b , which seeks the implementation of EA tools and methodologies developed for the individual firm, adapting to an environment of collaboration between several companies that make CN, with the aim of facilitating the integration of collaborative processes of companies in line with their IS/IT to harmonise the joint processes, reduce risk and redundancies, increase customer service and responsiveness, reduce technology costs and align the joint business strategy with IS/IT. An IEA should facilitate the integration of collaborative processes of companies in line with their IS/IT, which has an extensive field of study. To narrow the field of study and address in depth a particular aspect, we will focus on a specific problem: the collaborative production planning and the arrival of unexpected events.
Collaborative planning can be seen in different hierarchical levels of organisations and should start from a strategic communicating decision across the organisation at the highest level that will modify processes to both tactical and operational levels.
Specifically, decisions and processes affect different activities in terms of production planning, purchase planning, distribution planning, logistics planning, among others. And, all these decisions involve a complex selection among a large number of alternatives. Therefore, formulating the general problem as a single model is extremely complex. In this sense, HPP systems facilitate decision-making decomposing the problem into sub-problems, in the context of an organisational hierarchy where decisions of the higher levels impose restrictions to the lower levels (Alemany, 2003) . The use of support systems for decision-making in the field of HPP has increased the potential of these systems providing better information management and the use of computer tools to solve mathematical models to aid decision-making . Additionally, production-planning systems face unexpected events that force non-programmed decision-making causing, for instance, manual changes in the amounts committed or modifications to the master production plan (Acevedo and Mejia, 2006; Alvarez, 2007) . However, the difficulties and costs, which implies remake of these changes and plans, occur often as a result those plans have not come to run or the manual changes turn out in inefficient decisions that affect the performance of the SC. These approaches result generally in long production stops, which reduce productivity and business continuity, as well as decrease customer service. In other words, lack of proper management of unexpected events in production planning creates a bottleneck that must be addressed in a timely and efficient manner (Van Wezel et al., 2006) . The disregard of taking into account unexpected events in production planning means that response times and inventories often are excessive, while resource utilisation is low and end dates of the products cannot be accurately controlled (Palacios and Álvarez, 2007) . Thus, potential benefits are lost because organisations do not know how to respond appropriately to unexpected events.
Proposal
We encourage the reader of this paper, to read our previous papers (Vargas et al., 2011 (Vargas et al., , 2013a (Vargas et al., , 2013b (Vargas et al., , 2014a (Vargas et al., , 2014b to completely understand the conceptual bases of our proposal. Throughout our ongoing research, the need to use tools of enterprise architectures has been evident in a collaborative environment or, because today, more than ever, organisations are grouped into CN to face the current environment of globalisation and competition. Collaborative processes start at a strategic level within organisations that decide to collaborate, and run on the tactical and operational levels, following the steps of the proposed collaborative process. At the tactical level, to run the process of production planning and decision-making among different companies, it makes sense to use the HPP to decompose the problem into sub-problems, thereby allowing minimisation of its complexity.
So far, research has shown the importance of the use of HPP in conjunction with DSS, which supports the decision-making processes, however this research focuses on the tactical part of the operation of the production planning, without having into account the importance of the strategic vision of collaborative processes. Additionally, it does not contemplate the use of IEA as a tool that can facilitate the modelling of the processes of planning and decision-making in collaborative context. On the other hand, in the research conducted around HPP and DSS, the importance of creating flexible systems that take into account different unexpected events that may occur and affect the planning generated has been mentioned causing inefficiencies in processes, failing to comply with delivery dates, excess of inventory, lack of stock, among others. Some research has been considered in its fundamentals certain types of interruptions, providing solutions to a limited and specified, so far no research evidence to propose an integrated management of different types of events that can affect the production planning has been provided. Taking into account this big picture, and the main elements of an IEA described in, we propose a framework, a modelling language and a methodology for IEA in collaborative HPP responsive to unexpected events.
Framework for hierarchical production planning under unexpected events (FHPPUE)
FHPPUE, its structure and elements are shown in Figure 1 . Previous works on the field of EA and specifically IE-GIP (Ortiz et al., 1999; Cuenca et al., 2010) Modelling views: The definition of the modelling views took into account two approaches: the architecture IE-GIP (Ortiz et al., 1999; Cuenca et al., 2010) and the framework for a decision-support system in a hierarchical extended enterprise (FDSSHEE) proposed by Boza et al. (2009 Boza et al. ( , 2010 . Table 1 shows a comparative analysis of the origin of the views of our framework. This view refers to the decision-making system that has to be adopted for the business process managers. This view is invaluable to determine how the decisions are made in the planning process (Chen et al., 1997) . Process: This view represents the processes performed for each enterprise in its local domain and the CN processes in the global domain, as well as the unexpected events that affect the production planning and how those have to be handled. Knowledge: Data is information for organisations. In the continuous learning process where organisations are involved, the information that they handle becomes knowledge. Thus, it is a differentiating asset of CNs .
Information Systems/Information Technology (ISs/IT):
This view defines what kind of applications and technology are relevant to the CN, the IS/IT strategy that must follow the CN that is aligned with the business strategy (Cuenca et al., 2011b) and finally the analysis model that seeks to link the decision modelling and data modelling. 
Modelling detail level:
This perspective has to do with the detail level of the modelling, the general modelling being the most neutral that it could be for any kind of CN, partial modelling occurs when the model is developed for a specific cluster and the particular modelling is developed for a specific industry. Each cell in the FCPUE represents the intersection of a particular lifecycle phase with one modelling view. Not all views include all lifecycle phases. For instance, the views of process, knowledge and IS/IT do not require the definition of elements in the beginning of the life cycle because their core is in the definition, operation and evolution of the CN life. Each framework's element represents a building block in our modelling language.
Modelling language for hierarchical production planning under unexpected events (MLHPPUE)
To implement the FHPPUE, the instantiation of its elements has to be completed. These elements in modelling language are called building blocks. A building block can be fed in different lifecycle phases with information that is related with the same building block in other phase or with different building blocks in the same or different phases. We followed the guidance of the standard (ISO/CEN 19440, 2008) for generation of building blocks in enterprise modelling context. The instantiation done is shown in Table 2 ; for each building block, the lifecycle phases associated and its modelling view are listed; additionally, a brief explication of its instantiation is described. The template used for each building block maintains the following structure:
• Header: the header background is demarcated in different colours to separate the head from the body. The header contains the attributes related to the identification of the building block and its context modelling, and includes the following elements: building block tag, identifier, name and unit responsible for design.
• Body: the body contains the particular attributes that are specific to each building block. The body is divided into two parts: descriptions that contain the descriptive attributes of the building block, among which are those that are predefined in the template or those that can be added by the user to meet specific needs, and relationship of attributes, which may include operational relations, specialisation relationships and partnerships, among others.
• An example of the template designed for modelling the building block 'Unexpected event' is shown in Table 3 . This template is used in the lifecycle phase 'definition' to determine the historical of events that have affected the production planning and the solutions provided to those events. According to Darmoul et al. (2013) , unexpected events are originated by: customers, suppliers, production or resources. Resource in this category includes machinery, tools and people. To be consistent with our architecture, we have split resources in: unit (workers) and resources (machines and tools). For each category is necessary to design tables with vital information, which are going to feed the building block through the listed questions. 
Methodology for modelling collaborative planning under unexpected events (MMHPPUE)
The methodology results in an extension of the framework's lifecycle phases (Cuenca et al., 2011b) . The MMHPPUE guides step by step companies that decide to collaborate on the strategic collaborative processes and their implementation at the tactical level in a particular context of collaborative HPP and the arrival of unexpected events. Our MMHPPUE consists of four stages, seven phases and 42 steps. This methodology is shown in Table 4 . Through this methodology, CN can be modelled in an integral and structured way filling the building blocks defined, which are underlined in the column of Table 4 . This methodology can be applied since the beginning for enterprises that decide to start a collaboration process or if the process has already started, this methodology can be applied in later phases depending on in which stage the CN is working on. 
Validation of FHPPUE through relationship meta-model
To validate the correct gear of the FHPPUE, Figure 2 shows a meta-model of relationship between elements of each view in each lifecycle phase, which is according to the definition of ISO 15704 (2000) . This meta-model has helped to corroborate the right definition from the elements in each view and phase. This meta-model is a representation of the general modelling level; for partial and particular modelling, the model will change depending on the specific cluster or CN and their different elements. The meta-model shows, at a high level, how the collaborative process in a CN is performed through the lifecycle phases (since its creation until its dissolution) and how the different views are integrated into each lifecycle phase and with each other phases. However, as we clarify in the methodology description, the collaborative process may have been initiated, in which case, it is necessary to identify the right stage in which the CN is working through. The collaboration process starts when two or more stakeholders in a CN decide to collaborate to create synergies that allow them to be more competitive. This phase is defined by the organisational structure of the CN, the teams that are going to work together (cells) and the members (cell) of each team. Then, the negotiation process starts at a higher strategic level when the management teams think and design the joint business strategy and the IT/IS strategy that must be aligned with each other. During the negotiation, the information exchange plan has to be clear, as well as the exception handling and the compensation system. In the definition phase, the negotiation process is finished when all the stakeholders sign the contract that includes the objectives defined in the business strategy, the joint business strategy defines objectives that are measured through key performance indicators (KPIs), those objectives that have associated reengineering tasks that seeks to evaluate the current AS-IS process to be improved in a new CN process with the support of the knowledge that each organisation can provide and the TO-BE processes need the applications to run the process. Once the collaboration operation starts in the tactical and operative levels, the process is monitored taking into account the KPIs defined in previous phases, so that the contract is confirmed as being fulfilled. This collaborative process operation generates knowledge that is shared among enterprises. In the evolution phase, the performance assessment is executed as well as the evaluation continuity for the CN. This evaluation may modify some KPIs and objectives associated to them.
Conclusions
In this paper, an IEA has been proposed for helping CN to solve the problem of unexpected events management in HPP in a collaborative context, with its main elements: framework, methodology and language modelling. The framework defines the basic elements of the proposed architecture by establishing the views of modelling and lifecycle phases of a CN. The methodology defines step by step how the architecture should be implemented on the basis of the lifecycle phases defined in the framework. The modelling language allows schematic and structural representation of the elements of the CN through globally integrated modules. In addition, the instantiation of each building block helps to visualise, in a real business environment, how the modelling is implemented while avoiding the creation of abstract concepts.
The meta-model between elements, views and phases of FHPPUE allows for the validation of the correct definition of the elements/building blocks for each view, their lifecycle phases and their connection with each other.
Thus, this proposal seeks to provide enterprises that initiate inter-enterprise collaborative processes tools to guide them step by step in the implementation of collaborative processes from a strategic level to execution at the tactical level, which provides the collaborative HPP and explores the unexpected event management systems to aid decision-making. Our next step in this research is to validate the functionality of our proposal in a Spanish CN in the ceramic sector adapting and extending the IEA to that particular case. To achieve this goal, the necessary data and information are being collected and analysed.
Possible limitations in its application to the reality of companies are related to the enterprise architecture intricacy. One aspect is related to the low knowledge about the concepts: sometimes, stakeholders have no knowledge of IEA or phases of FHPPUE, and therefore they do not support. This happens when stakeholders do not participate in the programme. One solution is to educate and communicate the value of the proposal to all stakeholders before starting the project. Communication is other important aspect; the value of IEA is often indirect, so a good ongoing communication about the value and progress is vital to the success of the project. Finally, these aspects are more crucial in a collaborative environment and must be tackled.
